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ABSTRACT 


Concurrent epidemics of spruce, mountain pine, and Douglas-fir beetle in the same area is at best 
extremely rare. This is the situation in the Carter Mountain assessment area, although each beetle 
epidemic is in a different phase. 


A very intense and extensive epidemic of spruce beetle began west of the Continental Divide, which 
was discovered in 1999 on northwestern portions of the Shoshone National Forest and adjacent 
lands. Epidemic beetle populations made their way to the east, arriving around the year 2000 in the 
Carter Mountain assessment area. By the fall of 2003 or 2004, the spruce beetle epidemic will 
have run its course through the forests there, resulting in the death of almost all of the Engelmann 
spruce larger than 5 inches DBH and some smaller diameter trees. This mortality has occurred 
everywhere, regardless of tree density or species composition of the sites in which the attacked 
spruce had been living. 


Because the spruce beetle has killed much of the overstory, the remaining live forest canopy is 
composed primarily of lodgepole, limber, and white bark pines and Douglas-fir, with some subalpine 
fir and a smaller amount of aspen. Rising beetle epidemics in the pines and Douglas-fir threaten to 
further reduce the forest cover and degrade stands managed for fiber production. 


Plot, transect and walk through survey data are presented documenting forest insect and tree- 
disease conditions in the assessment area. Predictions are made as to the future impacts from 
these conditions. Recommendations are presented that address impacts consistent with 
management objectives. 
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INTRODUCTION 


This biological evaluation is in support of efforts to deal with the impact of an immense epidemic of 
the spruce beetle, Dendroctonus rufipennis [Kirby] (Order Coleoptera; Family Scolytidae). The 
overall area affected by the continued expansion of current spruce beetle populations covers 
several major drainages of northwestern Wyoming including portions of the Teton, Washakie, and 
North Absaroka Wilderness, Yellowstone National Park, the Shoshone National Forest, and 
associated state and private lands (Harris 2003; Harris et al. 2002; Harris et al. 2001). 


Specifically, this evaluation concerns forest insect and tree disease conditions on lands included in 
the assessment area of the predecisional document Carter Mountain Vegetation Management 
Environmental Assessment, Shoshone National Forest, Wapiti Ranger District, Park County, 
Wyoming (USDA Forest Service 2003). In addition to fieldwork necessary to evaluate conditions, 
forest health management staff collected data on reforestation potential to assist the Shoshone 
National Forest and the project silviculturist. That data will not be included here. 


This biological evaluation discusses populations of three tree-killing bark beetle species in the 
family Scolytidae, genus Dendroctonus --- the spruce beetle (SB), the mountain pine beetle, 
Dendroctonus ponderosae Hopkins (MPB), and the Douglas-fir beetle, D. pseudotsugae Hopkins 
(DFB) --- because they all were found to be at epidemic status in the assessment area. Tree 
disease conditions are also discussed. Most of the affected land is publicly owned and is 
administered by the Shoshone National Forest, with state and private lands intermixed. 


The focus of this Biological Evaluation is threefold, as follows: 

e Describe the status of ongoing bark beetle epidemics and tree disease conditions within the 
assessment area. 

e Discuss the susceptibility of forested stands for continued infestation by these bark beetles 
and describe the potential for growth or decline of beetle populations and associated tree 
mortality. 

e Make recommendations for future treatments consistent with the objectives and proposed 
action alternatives contained in the predecisional Environmental Assessment. 


Spruce Beetle 


The spruce beetle is the principal natural agent that can create landscape level disturbances in the 
spruce forests of western North America (Holsten et al. 1999). Sporadic spruce beetle epidemics 
have killed extensive forested areas in parts of western North America, including Alaska, western 
Canada, Colorado, Idaho, Montana, and Utah (Holsten et al. 1999). Such epidemics commonly 
develop in windthrown timber. Spruce beetle populations can increase dramatically within 
windthrow, from which they emerge to attack and kill standing, living spruce. Like fire and wind, the 
spruce beetle is a natural, though destructive, means for recycling old forests and for making way 
for new forests (Furniss and Carolin 1977). 


Normally, this native beetle is present in small numbers in weakened, diseased or wind thrown 
spruce, large pieces of logging slash, and fresh stumps. Individual or small, scattered groups of 
standing trees may be killed, creating snags and gaps in the forest canopy. The spruce beetle 
infests all species of spruce within its geographic range and has a generation time of 1, 2 or 3 
years, with 2 years being the most common (Holsten at al. 1999). Natural enemies, weather, 
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competition, host tree resistance and other factors combine to keep beetle populations at low 
levels, but disturbances in susceptible spruce/fir stands can trigger the development of spruce 
beetle epidemics. 


Stands are highly susceptible to spruce beetle epidemics when the following conditions exist: basal 
area > 150 square feet per acre; average diameter at breast height > 16 inches for all live spruce; 
proportion of spruce in the canopy > 65%; and physiographic location in a well-drained site in a 
creek bottom (Schmid and Frye 1976). 


Spruce beetle epidemics are thought to occur every 100 — 300 years. Within one area of about 
8,600 acres on the White River National Forest of northern Colorado, three spruce beetle epidemics 
were evident since 1700 (Veblen et al. 1994). As determined from this data, the time interval 
between epidemics in a particular stand is 116 years. This time interval is considered reasonable 
by Schmid and Mata (1996), who comment that the interval could be longer if the stand was 
completely killed by the previous epidemic and shorter if the previous epidemic caused limited 
spruce mortality. As determined in the same study on the White River National Forest, the time 
interval during which all stands in an area are affected by epidemics is 259 years (Veblen et al. 
1994). The return interval of multiple stand epidemics is dependent upon large acreages of spruce 
growing into an old, dense condition, susceptible to spruce beetle, and upon the occurrence of a 
triggering disturbance, such as windthrow, that provides the spruce beetle population the 
opportunity to increase from its resident or endemic level (Schmid and Frye 1977). 


Forest renewal following large-scale spruce beetle epidemics is thought to be via the release of 
previously suppressed small-diameter sapling and seedling trees. As long as spruce and subalpine 
fir is abundant in the subcanopy, spruce beetle epidemics will favor the recruitment of both species 
into larger size classes (Veblen et al. 1991). Based on relative abundance and their differing life- 
histories, predominance by spruce or subalpine fir is thought to oscillate in wave-like patterns over 
long time spans (see discussion and references in Schmid and Hinds 1974 and Veblen et al. 1991 
and 1994). Species composition post-epidemic can be altered by the following factors: (1) 
composition of the stand at the time of the epidemic; (2) intensity of the epidemic in term of trees 
per acre killed; (3) size of the epidemic in terms of acres; and (4) time and intensity of logging 
(Schmid and Hinds 1974). In seral stands, spruce beetle epidemics accelerate succession towards 
shade-tolerant tree species. The predominance of accelerated growth following a spruce beetle 
epidemic, instead of new seedling establishment, is a major contrast with the pattern of stand 
development following fire (Veblen et al. 1991). 


The Mountain Pine Beetle 


Like the congeneric spruce beetle, the mountain pine beetle is a native species of tree-killing bark 
beetle that feeds on the inner bark of mature coniferous trees. Hosts include lodgepole, ponderosa, 
and western white pines, including white bark and limber pines, among others (Amman et al. 1989). 
The mountain pine beetle generally has one generation per year. Natural enemies, weather, 
competition, host tree resistance, and other factors combine to keep beetle populations at low 
levels such that tree mortality is usually barely evident. Relative population size naturally fluctuates 
between two modes, called low or “endemic” and outbreak or “epidemic”; outbreak populations 
periodically arise, causing widespread and intense tree mortality that alters the forest structure. 


Outbreaks of MPB frequently develop in lodgepole pine stands that contain well-distributed, large 
diameter trees (Amman et al. 1989). Highly susceptible stands of lodgepole pine are those with the 
following characteristics: average diameter at breast height > 8 inches; average age > 80 years; 
and a suitable climate for beetle development based on a low elevation-latitude combination 
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(Amman et al. 1977; Schmid and Amman 1992 and references therein), which equates to 
elevations between 7,500 and 8,250 feet in northern Wyoming. 


Whitebark and limber pines, hereinafter collectively referred to as “white pines”, are preferred hosts 
for mountain pine beetle over lodgepole pine. Brood production in white pines is 2 — 7 times greater 
than it is in lodgepole pine (Cerezke 1995). Mountain pine beetle will readily switch from white 
pines into lodgepole pines when the white pine host supply has been somewhat depleted. 


Unlike the spruce beetle, MPB population epidemics are not triggered by obvious disturbances such 
as windthrow. The development of epidemic populations of MPB is not well understood. Suffice to 
say that as stand susceptibility to MPB increases with time, the effectiveness of natural control 
decreases and epidemics develop (Furniss and Carolin 1977). MPB epidemics are more frequent 
for a given stand and area, as compared with spruce beetle. This reflects the differing 
characteristics of their host tree species, such as successional status and longevity. The mountain 
pine beetle ranks first in destructiveness among the bark beetles of the West (Furniss and Carolin 
1977). 


The Douglas-fir Beetle 


Another native insect, the Douglas-fir beetle infests and kills Douglas-fir throughout its range in 
North America. The Douglas-fir beetle has one generation per year (Schmitz and Gibson 1996). 
Typical low-level beetle populations reproduce in scattered trees that are highly stressed, such as 
windfall, defoliated or fire-scorched trees (Furniss 1962; Furniss 1965; Schmitz and Gibson 1996). 
If enough suitable host material is present, beetles can increase in the stressed trees and infest 
nearby healthy trees (Furniss et al. 1981). Douglas-fir beetle attacks are most successful on older, 
larger trees found in high-density stands that contain a high percentage of Douglas-fir in the 
overstory (Schmitz and Gibson 1996). 


The Context of the Bark Beetle Situation 


The word “Dendroctonus” translates from Latin as “tree killer’. Like nearly all species in the genus 
Dendroctonus, the spruce, mountain pine, and Douglas-fir beetles infest and kill mature trees. As 
our western forests grow older and increasingly show the effects of fire suppression and other 
forest management practices subsequent to Euro-American colonization, larger contiguous 
landscapes in the Rocky Mountain area have become simultaneously susceptible to bark beetle 
epidemics (Samman and Logan 2000). Susceptible forests await only a trigger before a bark beetle 
epidemic develops. Across the Rocky Mountains and intermountain west, the table is set for bark 
beetle feasts. 


Recent conditions reports for the Rocky Mountain Region show increasing epidemic activity by tree- 
killing bark beetles in Colorado, South Dakota, and Wyoming (Harris 2003; Harris et al. 2002; Harris 
et al. 2001). Moreover, this does not include information on the many current, large bark beetle 
epidemics in other portions of the Rocky Mountains and intermountain west. These beetle 
episodes underscore the fact that much of the forest in the Rocky Mountain Region is mature to 
very old (USDA Forest Service 1987). As time passes, the susceptible mature forest areas are 
increasingly vulnerable to a disturbance that will recycle the old forest to a young forest. 


Age by area distribution of lodgepole pine stands across the Rocky Mountain Region and in the 
Shoshone National Forest is heavily skewed towards ages in excess of 80 years (USDA Forest 
Service 1987). Most of these stands have average diameters in excess of 8 inches and many are 
in suitable climatic areas for MPB epidemics. It is not surprising that the total number of pines killed 
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by MPB has been increasing. The context of current widespread susceptibility and recent MPB 
behavior is that there is a lot of pine forest that is becoming more extensively and intensely affected 
by epidemics. This same case can be made for spruce and Douglas-fir forests on the Shoshone 
National Forest and elsewhere in the Rocky Mountain Region and intermountain west --- these 
forests are relatively old and ripe for disturbance. 


A reasonable conjecture is that the larger an area which becomes susceptible at one time, the more 
severe will be the inevitable tree-killing bark beetle epidemic. This is partly because more food is 
readily available without the mortality that can result from beetles search to find new hosts. 
Weather permitting, the larger the amount of beetle food in one place at one time, the more of it the 
beetles are likely to consume in one episode. Creating a mosaic of ages and species across a 
landscape will mitigate large-area impacts. 


Significant episodes of tree-killing by bark beetles will result in the regeneration of mature forests 
into younger-aged forests. These beetle-caused disturbances will shift tree species composition, 
depending on the extent and intensity of mortality. Many other impacts result from tree-killing bark 
beetle epidemics in addition to the creation of large numbers of dead trees in a short time span 
(Schmid and Amman 1992; Schmid and Mata 1996; Samman and Logan 2000). Regeneration and 
herbage production will increase in beetle-caused openings in the forest. Annual stream flow and 
water yield may increase where an epidemic is extensive and intense. The green foliage of recently 
attacked trees will dry out, fade to a red color, and remain on the tree for one to two years. In 
addition to a visual impact, these red needles will provide a temporary increase in dry, flammable 
material in the forest canopy. The killed trees will then begin to fall down, increasing the coarse 
woody debris and fuel loading in the forest. 


Extended drought may be playing a role by lowering trees’ ability to defend themselves from attack. 
However, there can be no bark beetle epidemic if there is not a sufficient food base in the form of 
susceptible stands and groups of stands. An overstocked stand where moisture and nutrients are 
limited by intertree competition will result in a sort of “functional drought” where trees become 
susceptible to infestation. History-based research has thus far not shown a consistent relationship 
between drought and epidemics of spruce, mountain pine, or Douglas-fir beetle. Research results 
have consistently shown that stand density and growth rate among mature host trees is associated 
with attack and mortality from western conifer-killing bark beetles. 


MATERIALS AND METHODS 


Aerial Detection Surveys 

In a fixed wing aircraft, observer(s) mapped the approximate location, apparent cause, host tree, 
and estimated intensity of forest insect and tree disease impacts. Only recent impacts were 
recorded to avoid “double counting”. Surveys were timed to occur within the appropriate “biological 
window’, that moment in time when the signs of the most important organism(s) were most visible. 
In this case, the sign of choice was fading foliage due to bark beetle attack. 


General aerial detection surveys can cover large acreages rapidly and at relatively low cost per 
acre. Survey goals are to detect and describe, not to quantify, forest insect and tree disease 
impacts. Consecutive annual aerial surveys over the same area provide good trend information. 


Inventory Survey 
A plot-based inventory survey method was developed using established procedures described in 
the Rocky Mountain Region’s field guides for common stand exam. The two survey objectives were 
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to assess tree-killing bark beetle infestation level and reforestation potential based on seedling and 
sapling trees. 


Variable radius plots were installed using either a 10 or 20 basal area factor angle gauge or prism. 
Centered within each variable radius plot, a fixed radius plot covering 1/100" acre was measured. 
Variables recorded are listed below. 


Variable radius plot = trees 5 inches or greater in diameter at breast height (DBH).: 
species; status (live or dead); height; bark beetle activity (attacked or unattacked); 
timing of bark beetle attack (current year, 1 year ago, 2 years ago, older); presence 
and type of disease-causing organism 


Fixed radius plot = trees greater than 1 inch and less than 5 inches DBH (saplings): 
number per species; average height per species; average DBH per species 


Fixed radius plot = trees less than or equal to 1 inch diameter at root crown (seedlings): 
number per species 


Trees that died approximately five or more years ago were excluded. 


Target sites for inventory survey were selected based on a lack of relatively current inventory and to 
broadly cover the areas proposed for treatment in the predecisional Carter Mountain Vegetation 
Management Environmental Assessment (USDA Forest Service 2003). Plot centers were either 
predetermined using a Geographic Information System map with coordinates or randomly in the 
field by traversing predetermined distances along a preselected azimuth. 


From one to five plots were installed within a site. In some instances, only the variable radius plot 
data were collected. For some plots, the fixed radius plot, instead of being 100" acre, was as 
follows: a 1/50" acre fixed radius plot used to measure saplings and a 1/300" acre plot embedded 
within that to measure seedlings. 


Transect Survey 

With this survey method, two or three observers walk through a site along a predetermined azimuth 
while collecting data on bark beetle attacks within a 1-chain (66 foot) corridor centered on the 
azimuth. Tree species, beetle species, and timing of attack (see above) were recorded for all trees 
attacked or dying within the last five years. At 10-chain (660 feet or 0.13 mile) intervals, a variable 
radius plot was installed as described above, with the exception that height data were not collected. 
Therefore, transect lines covered one acre (1 X 10 chains = 43,560 square feet) before each plot 
was installed. 


Walk-through Survey 

Many sites were walked through with no tree data recorded, although some data were occasionally 
taken to facilitate estimates of bark beetle infestation level. Walk through surveys were usually 
done in the company of the project silviculturist, in order to integrate information on current and 
estimated future bark beetle impacts into proposed prescriptions for treatment. 


RESULTS AND DISCUSSION 


Aerial Survey 
General aerial detection surveys were conducted over the Carter Mountain area in 1996, 1999, 






































ree): 


i insog NUE. brs leva noltutedtnd deed shad geen, 


DP ODUEE Alps IGREr HES toed AS 1a'O) oreritle naieu hallete: SiON cio a oti 
sti | 2 ie COST onhevGe fein il bate | “OWS auibey aleighey tose ty 


woled batell ove be 

Berne fil whgoNe 1 sertond A wae < a 
"| ( a. ~- > Ge sy 1 ier * “hy { ole ‘ ipsah Ww) ay rh Brey! ¥ ie “ja 
Herre Sy Hoe eieea\ OS Tee FR da! ee ited eed Wo oni’: 
OMUNO pfieve-oreveil) Yo end. bre’ + = ) 


aN A turers 7 te 


apni gee) HE 2otiec 2 mer geal breton: 1 nect ISSO Ww eset = joie 
+-j Joye yet. t a ar esti {G 203002 Mh, ” fr. % { Ws eve Wows Tan [ 


, a 
COTS) TMD non a jaletrudb tick bc) une io pert seal gard = IAS Bi Skil 
. 2610902 JeG weir 


bat. «2 Slay ODF eyeny aon Io evil voteminowge bee 


OH GI WIGNER Tra: Yieeitisie To: tet: Fe Wait) (MdOmIeR erove YevIEe Hotnewril wat 
HOORAY TL WOM WrnsS imenanotery syle irearntgee wo hag awe wrt) 
9 snow 219thad to (COON sa ei Jemo ACEU} inenuessaen nena 
rt aroainene — yore iee Gere fie! ve onianpetes aPhurpose) a gale | 
lar DEM SereN] & EAE RerTEtsib benimnateheng g 09 , 
=a 
‘eit; duit eet: st) yin accent enn ri oft nidihw bellstin eiow aicig evi ot ai 
sa caw ana Y af Geiod ty bewdad Ack: eulbett pax) ean Mog anoe 37 betpalie pts 
eb Once bolg aor “DGPS 42 brie INQ. CHUAN - <W bed bog auiter band? rsa M08 


Qnibses swesom Gh ‘ci 
me 
(Ouitioes berinmelaberd s Qe aha a dguotdth daw sweetly cowl wood orien ve Bi 
arid Ho, Swans) = co Oot OR) mart) & rit solute sliwod ied no Gin ¢ ha Hike 
est! le Jot bekicoat «ww jovede sea) Aoalin YO Dei Ones cares phen e: 

sdensy 6 .clevain (ie Ach & t 2 wries? 000) nigrimot th ep av deerme 9 

a No Ton Saw nie ier tert noltqeons set tlw .evods Ledioucl as betists 
inte ioe Ghd Mes ome FEA, E = anines OT Xx | patie alae of 


nts 

















: va ar if m4 WN, 
~ Doge Di 7 ; 7% Se on ea 
oa ; a aw; 7 - : 
2 = a ~~ ' 
te cau gece en 
bw yen ra pre eV lwo enperite aie ek —_ 
hy ~*~ , a) of stoic 1 i tahoe 7 Ah px > y _ - muearts 7 i 


7 - 
Li wD 7 7 bah ae _ # 
; - in : 7 


eae Se eee 






2000, 2001, 2002, and 2003. The 1996 survey detected little activity, primarily due to the mountain 
pine beetle. An increasing trend in acreage affected by bark beetles, especially in 2000 and 2001, 
was evident from these surveys. 


Aerial surveys were done July 10 - 15 in 2002 and during the week of July 14 in 2003. Results from 
2003 have just been received and have not yet been evaluated. 


The 2002 aerial survey results showed significant DFB, MPB, and SB activity on Carter Mountain. 
Three groups numbering 100, 100, and 200 killed trees were mapped and attributed to DFB, 
located at lower elevations in the northwest portion of the assessment area. Group kills larger than 
about 10 trees are characteristic of an epidemic DFB population that has been building for a few 
years in order to kill such large groups of trees. MPB activity was tied to white bark and limber 
pines and coded as a complex including the beetle, white pine blister rust and/or dwarf mistletoe. 
Significant portions of the white pines component were so noted. No MPB in lodgepole pine was 
mapped. Subalpine fir decline was also not detected and mapped. Much of the remaining portion 
of the assessment area was mapped to indicate mortality from spruce beetle. The intensity of the 
impact of SB was seen to be relatively light, with a few moderate sized polygons of as many as 
three trees per acre killed. In sum, most of the assessment area was considered to have some 
impact from bark beetles. 


The 2002 aerial survey results match the situation found on the ground in 2003 quite well, with one 
exception. As the following sections will demonstrate, the number of trees killed by spruce beetle 
was significantly underestimated by the 2002 aerial survey (Schaupp 2003). The acreage affected 
was accurate, however, involving almost the entire spruce component. 


The visual signature of spruce beetle attack is among the most difficult to detect during aerial 
surveys. Fading spruce trees lose their needles quickly and do not fade as brightly as the foliage 
on other conifers killed by bark beetles. In addition, the detection flight probably occurred before 
fading peaked in the spruce. Timing surveys is difficult due to both this variation and scheduling the 
plane and surveyor. 


These annual surveys detected trees attacked and killed by the Douglas-fir and mountain pine 
beetles the previous year, because green foliage fades to yellow and red one year after successful 
beetle attack. In the case of the spruce beetle, such fading usually occurs two years after 
successful attack. In general, by the time that tree fading peaks, the bark beetles have exited their 
fading brood trees and are attacking green trees. Current year attacks can only be detected from 
the ground. 


Inventory Surveys 
Inventory surveys were performed between June 5 and July 16, 2003. 


Plot data show that recent conifer mortality due to bark beetle attack is widespread across the 
assessment area (Table 1). Trees killed by bark beetles were found in 24 of the 31 inventory 
survey plots, accounting for 62% of the 297 plot trees greater than 5 inches DBH. Basal area 
reduction by bark beetles averaged 58% in these plots, although there was a lot of variation. Such 
a high level of bark beetle-caused mortality was possible because the plots carried a significant 
amount of beetle food in the form of older, larger diameter trees growing in a relatively dense 
condition. Overall, the plot trees averaged 13.1 inches DBH and covered 132 square feet of basal 
area. 


Spruce beetle was by far the most common bark beetle encountered in the inventory surveys 
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(Table 1 and Table 2). Seventy-four percent (23/31) of the plots contained susceptible-sized spruce 
and all but one of those plots had spruce beetle-caused mortality. Beetles killed nearly all of the 
spruce trees in the plots. 


Although the spruce beetle impact is the most obvious and intense on Carter Mountain (Schaupp 
2003), the assessment area also has ongoing epidemics of mountain pine beetle in white pines, 


Table 1. Inventory plot data from Carter Mountain, Shoshone National Forest, Wyoming in 2003 ** 
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** Location Key within the assessment area: 436204 (old Belknap timber sale area) and 437208 
(USFS boundary on FSR 474) in the west; 437202 (Hidden Lake area) and 437203 (Long Park) in 
the middle; 437206 (Pete Miller Park area) in the east. 

Key to Abbreviations in Table 1: DBH = diameter at breast height in inches; BA = basal area in 
square feet per acre; “BA all” refers to all trees in the plot, living or dead within the last 5 years; “BA 
alive” refers to living, unattacked trees. 


and Douglas-fir beetle in Douglas-fir. Eleven plots (35%) contained either white bark or limber 
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pines (Table 1). Mountain pine beetle killed a little over half of these white pines (Table 2). 
Thirteen plots (42%) had lodgepole pine, of which less than one quarter were killed by mountain 
pine beetle. Fifteen plots (48%) had some Douglas-fir, of which about half were killed by Douglas- 
fir beetle. Only nine plots (29%) had any subalpine fir. Only one of these 43 subalpine fir was 
dead, cause unknown, but not due to bark beetles. 


Mortality from spruce beetle activity has been decreasing in the inventory survey plots, as 
demonstrated by data on the year of fatal bark beetle attack (Figure 1; Table 2). This is one 
indication that the epidemic in spruce is declining. 


Another indication of epidemic decline is illustrated by Table 3, which shows a decline in average 
diameter of trees killed by spruce beetle as the epidemic has progressed. Spruce beetle prefers 
trees > 20 in DBH to trees of 6-inch to 8 inch DBH (Schmid and Frye 1977). As the larger trees 
become depleted and as the beetle population becomes excessively abundant, smaller diameter 
trees are attacked (Massey and Wygant 1954), although attacks do not progress down through the 
diameter classes in a linear way (Schmid and Mata 1996). The net result of this is that large 
epidemic spruce beetle populations reduce the average diameter of affected stands, in addition to 
many other impacts (Schmid and Mata 1994; Schmid and Amman 1992). Massey and Wygant 
(1952) report that spruce beetle infested trees as small as 2 inches DBH during a severe epidemic 
in Colorado in the 1940s. Although no evidence for attack on such small trees was seen in the 
plots, it remains a possibility in the next year or two. 


Table 2. Timing and degree of bark beetle activity in inventory survey plots, Carter Mountain, 
Shoshone National Forest, Wyoming 


| Year of Fatal Bark Beetle Attack 

Bark Beetle Host Tree Older 2001 2002 | 2003 | Attacked * | Attacked 
spruce 96% 

beetle 58% 

beetle pines 16% 

beetle 


. (53%) 


















* Not all attacked trees were classified by year of attack 


The inventory plot data suggest that the decline of the spruce beetle epidemic is a function of stand 
depletion. There simply are few living trees left to attack. Most living spruce trees are at or are 
below the smallest diameter within which beetle reproduction can occur. The spruce beetle has 
consumed nearly all the food available in the plots. 


Table 2 and Figure 1 show increasing activity since 2001 by mountain pine in white pines and by 
Douglas-fir beetle in Douglas-fir. The 2003 attack data is incomplete, as well, because the flight 
and attack periods of MPB and DFB had not yet finished. Additional pines and Douglas-fir will be 
attacked in 2003, so the plot data underestimate both beetles’ impact. This underestimation can be 
locally drastic. 
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Table 3. Average diameter at breast height (DBH in inches) of Engelmann spruce trees killed by 
spruce beetle by year of fatal attack, Carter Mountain, Shoshone National Forest, Wyoming. 


Attack YEAR 


Average DBH 





(Std. Error) 


For example, on June 12, a 66 X 660 foot, one acre transect was surveyed in location 437208, site 
0005, uphill and south of the meadow at the USFS boundary on the Carter Mountain main road 
(FSR 474). No 2003 Douglas-fir beetle attacks were found within the surveyed area. By July 8, 
less than one month later, DFB had attacked eight of the eleven Douglas-fir within a 20-BAF plot 
placed inside the transect survey area (Table 1). A walk through survey confirmed that the 
Douglas-fir beetle was currently attacking or had just attacked every Douglas-fir larger than 5 
inches DBH in the general area. 


Figure 1. Bark beetle attack by species and year in inventory survey plots, Carter Mountain, 
Shoshone National Forest, Wyoming. 
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Obviously, surveys made after most attacks had occurred this year would provide better estimates 
of current bark beetle activity. In the case of SB, MPB and DFB, sucha survey would begin around 
early September, 2003. Such a delay was not practical in the case of Carter Mountain. It is 
important to remember that more pines and Douglas-fir have been attacked by tree-killing bark 
beetles in 2003 than the information in this evaluation shows. 


Transect Survey 

Two transect surveys were completed. The first is mentioned in the section above as an example 
of fieldwork that was too early in the year (June 12) to survey accurately the current Douglas-fir 
beetle activity. Data from that transect show 38 SB-killed spruce, 5 DFB-killed Douglas-fir, and 3 
MPB-killed white pines over the one acre transect. Consistent with the inventory plot data, all but 
five of the SB attacks were made in 2001 or before. The plot data were taken July 8 and are 
summarized in Table 1 for location 437208, site 0005. 


The second transect survey focused on mountain pine beetle and was conducted on July 16. This 
transect was placed at the ecotone between a white pines site and a lodgepole pine site near the 
end of the Carter Mountain main road (FSR 474), east of and downhill from Long Park. At the time 
of the survey, MPB was exiting brood trees from 2002 attacks and entering new trees, making 2003 
attacks. The plot data, taken at the end of each segment, appear in Table 1 under location 437202, 
site 0010. Although the Resource Information data classify this site as primarily grassland, the area 
surveyed was covered by larger diameter pines and spruce at 80 — 120 square feet per acre of 
basal area. 


The first transect segment passed through a pure white pines stand north of the road, extending 
southwest along the bottom third of a south-facing slope. Along this acre, 49 white pines were 
attacked by MPB, mostly in 2002 and 2003 (Table 4). Continuing along the same azimuth, the 


Table 4. Bark beetle activity by year of fatal attack along a transect survey, 66 X 660 feet or one 
acre per segment, at a white pines/lodgepole pine ecotone on Carter Mountain, Shoshone National 
Forest, Wyoming, on July 16, 2003. 









Severineee) Whiteipines 5 TMPB* | 0 

any iestod |jeemtepruce hod butt immialure anc adi.|\ spre Ufo es | 

nT) WV hiteipincsse onwnanly Hel/MPBe bark renee of) VB we 

Soeepneners H1iCdgepole/pinies, Wweedie 6 MPBS hat Pegrore ds HOw © 

Beers Eneimanispricess SSB eo | oF | 2 
reer ere eens ee 8, PRIDE BER OH i HPT 

es ee a ite pinconmur mame Weea IPE pe er POT One | 

ees mecocepoe:ping ey P| MPp on tore or 

emer ice mantis pice seme, ob ve ee net es ei 2e | 


* MPB = mountain pine beetle, Dendroctonus ponderosae 
** SB = spruce beetle, Dendroctonus rufipennis 





second segment passed mostly through pure white pines, but ended-up closer to the road in a more 
mixed conifer area. Again, recent MPB activity was significant in the white pines (Table 4), but 
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MPB had also recently moved into a few lodgepole pine. Some firewood cutting had taken place in 
that area, indicating additional past MPB activity. The third segment was offset across the road in 
the bottomland, extending back to the northeast. This is where the white pines were no longer 
predominant and lodgepole pine and some spruce were more common. In this segment, MPB 
activity was less than in the two previous segments and consisted primarily of 2003 (current) 
attacks on lodgepole pine. It is clear that the large and increasing mountain pine beetle population 
in the white pines is moving into the lodgepole pine. 


Because limber pine is superior food for MPB and because these enlarged beetle populations will 
switch into lodgepole pine, the situation documented by this transect survey constitutes a significant 
hazard to susceptible lodgepole sites adjacent to MPB-infested white pine sites. The dense, larger- 
diameter condition of the adjacent lodgepole site (location 437202, site 0011) foretells a high 
mortality rate, should the epidemic continue in the lodgepole pine. 


Walk-through Surveys 

Walk through surveys were conducted between June 5 and July 16, 2003. In all cases, these walk 
through surveys were in the company of Jan Burke, Rocky Mountain Region National Fire Plan 
Silviculturist, or Dennis Eckardt, Shoshone National Forest Timber Staff Officer and Silviculturist. In 
this way, a lot of the assessment area proposed for treatment was examined. 


It is not possible to detail every place where walk through surveys occurred. The following lists 
locations and sites within the assessment area that were traversed to some extent: 
West portion: old Belknap Sale area and areas to the west, location 436204, sites 0013 - 
0016, 0021. 
Central portion: southern edge of Sawmill Park, location 436209, and location 436210, sites 
0001 and 0002; north edge of Long Park, location 437203, site 0013; Marquette 
Creek drainage, location 437201, sites 0007, 0008, and location 437202, sites 0007, 
0009 - 0011, 0015, 0016. 
East portion: Carter Creek drainage, location 437202, sites 0021, 0022, 0024 - 0026, 0028 — 
0031, 0032 (Pete Miller Park), 0039, 0044; location 437206, site 0008. 


A summary of field notes and observations is discussed below. 


Spruce beetle 
Many infested green spruce had both immature and adult spruce beetles under the bark in early 


June, 2003. These trees also commonly had some bark removed on the lower stem, evidence of 
woodpeckers feeding on beetles. Needle drop was just beginning on these densely attacked trees. 


It is most likely that these trees, attacked in 2002, yielded some adult spruce beetles in one year 
and that other beetles will require two years to complete development. While the 2-year life cycle 
predominates in most areas, varying proportions of the brood do develop in 1 year, temperatures 
permitting (Massey and Wygant 1954; Holsten et al. 1999). A reduction by half in the time required 
for a spruce beetle generation allows a 100% per year increase in the rate of growth. This may 
have contributed to the high degree of host tree mortality achieved by the spruce beetle over such a 
short time span. Large areas of susceptible forest and mass immigration of spruce beetles from an 
immense epidemic to the west are likely the more important reasons for the extremely high level of 
spruce mortality across the entire assessment area in a short time. 


Very few spruce were killed more than five years ago, judging from their condition (Schaupp 2003). 
The inventory plot data agrees well with walk through survey results. While there are some few 


12 


























ni GOSKI cies! bart Ona tmenme VT gree .erdy aloqeghe! vat o of ovo Yaneee « 

© bec) orf geoion Jogo wal ieeigae rkd @yiT yivitng GYM feng enodibts pnitcoinal wom 
enh Oe eters fie aire) etathy si alt? Snemtiice ert of ded oditmety:t weHIOd 
AM \newneds eltthal anenROn sien TOW SOLID aMae One eng stonybe bee PRENOR 


oe ; 


‘Watnaa) CES To ying i tens einerigee serine caw! et ici Het 1 
Codsigot aeod ere lewentile ro Lem inns rset ait) onay 4 an 
- , sraqapbor ext! cli avon mania . 


7 

, 

ew Crna, aaa Data dventecurowd boa 24h wil pac! sheque ¢ walg rodent ” 
RorTAS 6 amiuidonanh yoviue iggenea ail yd Homers risteniic erit .aiy siogagbor™ 
Tp ed @erteab onl 2atie any Sw beaten + ob omnia sulie diogeche! wtongedeue's 
nent @ nterIC! (f° 00 ais SORTES nouesot) otie Oh SEbe! inemmite acs prt 

erg sioentho) ert ni quriinay airmetine ot! tos ne 


pe 
-_ 
ry @ 


reeruk dg 

Nisw Coat ageaotin ni) “OO ar yal, ons a Soul. seid Dalouhwod saw evovne fig 

nt oF leAciiaH Tele 9 GUMOM \plouhl aha ral lo wraqyuds oc! ni oraw area 

ni Januiluvi bon eWO Ve weiniT tame danniel sreiigate: Jota 2ienaed 10 JeHe 
erwin dew incetiged! 7a) Gaenoon eng inerieeeser ort) to fol.g 


aie! orawoiet edT Jbenedoe ayeviue tiguentt Mew araiw saosin ave ficieb of — me 
ineivo eto a honeveTs sree jet 6976 Iiverce™ieee a cutin aelle bog & 
- £100 sahe .MOGSES ccgool Jeaw adi of won the BE OAS Gansies wo nota tea Wal 


+300 ,Otoo 
Jota OSES pevizzel te OOSTED ramet it Gini. loeyhe imerittiioe tolhog ieiinso” 
siguprais ETCO at LOST nolsoo Jie prod ip egie hon So00 bre 1000 : 
T0090 estte SOLED natiesd bane 20 \O0O aati | (6S d aneninih teat ; 


BrGD Bro ,F HG - eO0O 
~ B00 B23 ~ £00 SSO , (S00 eater SOSTEP notisoal .6yehiet) Yast) shel -noltog ed Se 
BOW ete AORTCE ngiisont AMO E00 {tis yallid/ wl) S200 1200 J 


wotad ee ea brn aeons tHeit To 


(hide 4 hed ert! Yebnu 2aliped anunag bri Hod bart singe nncig eat 
> gonabive ele che ma orn ates ‘a 
2st barvntia Viewed xed no Qoinniged ts : hoa -Aavdeed no grebeet 


Mes yn = 






oe econ um hn amas a 5 005 ob ohn fee a . | 
panies = = ’ gM io or araiial. Gabarts : 
eonds atte! see des - ‘ +4 arecn fhe oe Jeom mi ’ 
Devincabers ancetit wet? a0 Ys sub A (ese: te oaleloh 368 . nial bre er me wien 
nuit so eaee ee Sui ay 4 HOOT 6 awale “otieIENIAG allesd conga @ 
0 dea? \ava Attesd acerger ed? yd bavetriog, yilehory caw i arti of bo SHINGO SA 
Ae mG? 200s e.wige ima! hing lest gielige. BENBS Aoge eit he 


i \ 4 
- :  Riee o ee FOR ; : ‘ hh <.. Sey Yi - 
val we W408r BD) ie . ; wOS oer 
Figert y pan Pcl, lin ee 
4 tele ets Sout 


green spruce trees above 5 inches DBH, most have already been attacked in 2003 or are likely to 
be attacked, judging by ongoing beetle activity. 


Isolated spruce growing within other cover types and in mixed stands had been beetle-killed. One 
example is in the Marquette Creek drainage downstream from Long Park (location 437202, site 
0011). This site is dominated by lodgepole pine, with mature spruce of moderate diameter 
scattered throughout, accounting for no more than 5 - 10% of the trees. Yet, every single spruce 
there had been killed. 


Stand density seems to have had no effect on the pattern of mortality, as viewed from near the end 
of the spruce beetle epidemic. Isolated spruce in low residual basal area portions of the 1990 
Carter State Timber Sale in Sawmill Park, pure spruce at 100 —120 BA in areas of the 1994 Carter 
Mountain 1 Timber Sale, spruce mixed with some subalpine fir in 220 BA areas south of Long Park 
--- all were killed. This does not mean that stand density is irrelevant with respect to spruce beetle- 
caused mortality. Rather, this shows that, if there are enough spruce beetles in one place at one 
time, all the susceptible host trees will be killed. The short duration, extreme intensity, and broad 
extent of this beetle-caused mortality episode is remarkable. 


Mountain pine beetle 
Pines attacked by mountain pine beetle were found across the entire assessment area. The level 


of pine mortality is far less at present than the spruce situation. Most of the mountain pine beetle 
activity is recent, having occurred in 2002 and continuing in 2003, with additional attacks expected 
this year. While the mountain pine beetle epidemic is at an earlier stage than that of the spruce 
beetle, expansion and increase of the epidemic is highly likely, given the presence of susceptible 
pine stands in the assessment area and apparently favorable weather and other factors. 


At present, most of this epidemic is in white pines. MPB activity could be found wherever there 
were white pines --- isolated clumps of white pines growing on open grassy areas and those found 
in dense stands had been or were being attacked. It is in the dense areas that mortality is most 
intense and extensive. Telltale signs on large white pine snags showed that this is not new. As 
noted in the Transect Survey section above, MPB switching from white pines to lodgepole pine is in 
progress and constitutes a significant hazard. In addition to the area near Marquette Creek where a 
transect survey was conducted, this situation occurs on the knob above the old Belknap sale area 
(location 436204, sites 0003 and 0004) and in areas in the Bull Creek drainage to the southeast of 
the access road (on FSR 474 ) that are visible during the ascent before passing into dense forest 
and crossing onto the National Forest (location 436207, site 0001). It is likely that there are a few 
more such situations within the Carter Mountain assessment area. 


MPB activity in lodgepole pine was also evident across the entire assessment area, although 
varying on a local scale and present to a lesser degree than in the white pines. Stands and areas 
adjacent to and distant from white pines had multiple group kills of 1 - 5 lodgepole pines. Examples 
of this include but are not limited to the following: the Belknap Creek drainage in location 436204, 
sites 0013, 0014, 0016; the southwest edge of Sawmill Park (location 436210, sites 0001 and 
0007); the southeast edge of location 437202, site 0011, not far from Long Park in the Marquette 
Creek drainage; and all along the ATV trail from the access point off Carter Ranch extending east to 
Pete Miller Park. 


Disease-causing organisms impacting pines 


During the walk through surveys, several other organisms were detected that are having a 
significant impact on the pines in the assessment area. Some affect susceptibility to mountain pine 
beetle attack. 
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White pine blister rust 

White pines afflicted by the disease white pine blister rust were found across the entire 
assessment area. Although no formal assessment was undertaken, moderate to light 
infection was ubiquitous. Branch infections and branch mortality and flagging were 
commonly observed. Top kill was occasionally found. Mortality of sapling and pole-size 
trees from blister rust was rarely noted, however. 


White pine blister rust, caused by the invasive, exotic fungus Cronartium ribicola J.C. Fisch., 
is a serious disease of 5-needle pines, including limber and white bark pine. The fungus is 
transmitted to pines by spores coming from its obligate alternate host, shrubs in the genus 
Ribes (gooseberry and currant). This spore transmission step is thought to occur over 
relatively short distances. Ribes spp. plants were commonly found growing at the base and 
in the shade of infected white pines. The fungus life cycle continues when spores from 
pines infect Ribes spp. The transmission step from pine to Ribes spp. can occur across vast 
distances. 


Commanara blister rust 

Lodgepole pines affected by the disease comandra blister rust were found across the entire 
assessment area at light to moderate levels. Stem and branch cankers, flagging, top kill, 
and mortality were observed due to infection. 


Comandra blister rust is caused by the fungus Cronartium comandrae Pk. and is one of the 
more important diseases of lodgepole pine in the Rocky Mountains, especially in Wyoming. 
This native fungus alternates between a hard pine host and the herbaceous plants 
comandra or bastard toadflax, Comandra umbellata. Larger lodgepole pines, usually in the 
higher crown classes, are most frequently damaged. Infection levels decrease with 
increasing distance from sagebrush, where Comandra occurs. Trees with stem cankers 
produce significantly fewer cones and seeds than healthy trees. There is some evidence 
that mountain pine beetles select lodgepole pines trees infected by comandra blister rust 
(Rasmussen 1987). 


Dwarf mistletoe 

Lodgepole pines infected by dwarf mistletoe were found across the entire assessment area 
at levels that ranged from light to very heavy for stands and individual trees. Brooms, 
cankers, top kill, and mortality due to dwarf mistletoe were found. 


Lodgepole pine dwarf mistletoe (Arceuthobium americanum Nutt. ex. Engelm.) is a native, 
parasitic, seed plant that is the most damaging disease agent in lodgepole pine. In addition 
to the impacts noted, dwarf mistletoe reduces vigor, growth and seed production of the host 
trees. It further reduces regeneration by infecting understory lodgepole pines, which are 
more likely to be killed if infected when small. Generally, dwarf mistletoe occurs twice as 
frequently on ridges and hillsides than on bottom sites. The upper elevation limit of 
lodgepole pine dwarf mistletoe in northern Wyoming is about 9,200 feet. Research has not 
consistently shown an association of mountain pine beetle with mistletoe-infected lodgepole 
pines. 


Several white pines, tentatively identified as limber pine, were infected by a dwarf mistletoe 


species. The mistletoe species was presumed to be limber pine dwarf mistletoe, 
Arceuthobium cyanocarpum, but was not positively identified. This parasite results in severe 


14 









































yw » bn) aoe tm igtaliome eliew seeseiy ort yd Rell te : 
idpY | Ss eae .ehetie sev ineyrioeees wero eet ill, itso 148 

Ww oo gd bee Wishern face Ge gihodowlal hos alaatugiiy ee 

er’ elhg She wviyee ww yikehoOh Lonel vinnonGe gee it got He pm chan 


_— 


i bs ha i, t. ») mon ‘. -_ auw tau tens 


fyne? OL eed muon ae nde die .wvingvn wil) ye bese Jar es tig 
Y seven etl nig ¥ 4 ay Wi YRC DPR! th eG. Ae er. ‘0 anol 6 So, 
PUK! ety BCLs) A] seer yet ine WO 2h mor DOA) SHO jad our CHa, Mh. nn 
wo of retire ; or cee money mone air Onin born" os . . 

iE See, et PS Onrworg bru! (oonwnoo Crew elie acs acct Val em wagaity | ay 
2} sens Netw ceuntiang aioe et apm eal agit; acta iealved bbe 
SOOTHE WO MAD nas aedi cl sty OOO Geta muRgel Pret SET qe eel doen: 


aun volar ay 
ening wi) 2e.ims Deo! Sry fat) refeits ererverux) sana ait} (Q Deke: teniq g09 


iy cel Wyo q govvie> tence baa male alive sien “NON Cl HIgh ht V6 Ui Ta 
: neoeiay oo aut cevresitin crew Vibsho 


ft Ano # Dae 24 eahionerics wn ane ut Or") ye? emia tart Tetale & 
sonia W ni aioe 20 eriatouoM ytoutert ni acim teeing io zaeonaib mehogiri a 
Sinkig tucsvncher earl bran tend wrlty Dia nue aiod Setaravie auprast 

ot! nit Ylevey wanic “on Ogenbol vans whirladrny etittotaa «alias bualesd 10 ak 
_ tine sens 5b elovel poll sirt .beQerige arena Ms eerzeals 
mango mete My weorT 2wooo aonenad siety Jy adegen mont eonstall 
MHS exnoe e rott 250 yiticen cor enaos byw caned yewel vivre Nagle aout 
s2un isla) svoneme> yd betosil cet enrig exe mio aioe autieed nig cininyewn fi 
— HDs 


OF 


Sem Mecizaseer attire att pec: ene) show ectaleii hunt “vd 


: | wth teks ri at 
nt f 
GOT veel tesdwOd bAE abaBle Wt yubert oe mal 


Jone’ Sew eoatmeieun hawt oth en hoes lial ae 


mS - 
ailacaey 





oT 

















“an 


ENE Bei LAA se Lio ee enainenia eudoritvec tay acunttleny tupaty é | 
ralibbs .onig alagegbalni inege sepnaely. riiguere tecen ott alte ats ‘il i 
eer arti to nol ics ng ah be at Nm rose 
site Cgietoy pulecinabammerte Ranta outer HeintecKioce 
i Sdiwt Dud W adhe Ailenens® tere “OR ott & 
ip tnt rolinvele wan oT celia Ceo tear coats apie 9 lm cinen) 
pacers toe OOSS ht 7 bheptainee soliehenaane m ew. sory an 
b . ‘coat Ihe) ~ J . 


limber pine mortality and is second only to white pine blister rust in disease-caused damage 
among high-elevation western 5-needle pines. 


Douglas-fir beetle 

Douglas-fir beetle activity was not widespread across the assessment area. Epidemic levels of 
beetle-caused mortality appeared restricted to stands and areas dominated by Douglas-fir. Isolated 
Douglas-fir in mixed stands had not been attacked by July 16 when field work ended. 


Walk through surveys did not include many sites dominated by Douglas-fir. Additionally, a few of 
these surveys were conducted before Douglas-fir beetle began attacking trees in 2003 (see 
example near the end of Inventory Plot section above). However, walk through surveys showed 
that significant mortality from Douglas-fir beetle attacks in 2003 was occurring in lower elevation 
portions of the assessment area. These sites were characterized by a high percentage of Douglas- 
fir in dense arrays of larger size classes. Personal communications from Jan Burke (USDA Forest 
Service, Rocky Mountain Region, National Fire Plan Silviculturist) added many similar observations 
to this scenario, especially near Hidden Lake in the Marquette Creek drainage. Either the extensive 
and intense Douglas-fir beetle epidemic centered in the North Fork of the Shoshone River drainage 
(Schaupp et al. 2002) has recently made its way to Carter Mountain or another intense Douglas-fir 
beetle epidemic is just beginning where there are highly susceptible stands and areas. 


In contrast, many large cone-bearing Douglas-fir were located in the Marquette and Carter Creek 
drainages and none of them had been attacked by Douglas-fir beetle. For example, 50 large 
diameter Douglas-fir were closely examined on July 10 during walk throughs from the access off 
Carter Ranch to the west through location 437202. None of these trees had been attacked, nor 
were older attacks evident on other Douglas-firs. It is unlikely that Douglas-fir beetle will attain the 
extreme population levels displayed by the more aggressive spruce beetle, because there is less 
food in the area and it is more scattered. Therefore, it is also likely that these more isolated 
Douglas-fir will survive. 


CONCLUSIONS 


Concurrent epidemics of spruce, mountain pine, and Douglas-fir beetles in the same area is at best 
extremely rare. This is the situation in the Carter Mountain assessment area, although each beetle 
epidemic is in a different phase. 


A very intense and extensive epidemic of spruce beetle began west of the Continental Divide, which 
was discovered in 1999 on northwestern portions of the Shoshone National Forest and adjacent 
lands. Epidemic beetle populations made their way to the east, arriving around the year 2000 in the 
Carter Mountain assessment area. By the fall of 2003 or 2004, the spruce beetle epidemic will 
have run its course through the forests there, resulting in the death of almost all of the Engelmann 
spruce larger than 5 inches DBH and some smaller diameter trees. This mortality has occurred 
everywhere, regardless of tree density or species composition of the sites in which the attacked 
spruce had been living. 


Because the spruce beetle has killed much of the overstory, the remaining live forest canopy is 
composed primarily of lodgepole, limber, and white bark pines and Douglas-fir, with some subalpine 
fir and a smaller amount of aspen. Beetle epidemics in the pines and Douglas-fir threaten to further 
reduce the forest cover and degrade stands managed for fiber production. 


Mountain pine beetle is killing the white pines in many areas on Carter Mountain. Populations have 
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been at epidemic levels since 2002, at least, and show signs of increase in 2003. The level of pine 
mortality to date is far below that of the spruce beetle and is concentrated in areas of dense, larger 
white pines. Mountain pine beetle populations have begun to attack lodgepole pine, adjacent to 
and a long ways from beetle-infested white pines. This situation, MPB-infested white pine adjacent 
to susceptible lodgepole pine, occurs in several locations within the assessment area. It constitutes 
a special hazard to the lodgepole pines, because of superior beetle reproduction in white pines and 
the beetles’ habit of switching from white pines to another host. 


Large-scale MPB epidemics are actually the culmination of many smaller, local episodes of MPB- 
caused mortality. With favorable conditions, the situation in the assessment area is only a few 
years away from such an occurrence, because the food base is present and the beetle population 
is expanding locally. As with all tree-killing bark beetles, preventing large-scale epidemics through 
a regular regimen of forestry practices over time that result in mixed stands in various age classes, 
is far more effective, efficient, and long lasting than trying to suppress an on-going, widespread 
epidemic, which often quickly becomes unmanageable. 


While the spruce beetle is the most aggressive of the three tree-killing bark beetles, much of the 
remaining green forest canopy in the assessment area is lodgepole pine and it is at risk of 
significant mortality in the near future from mountain pine beetle, if no management actions are 
undertaken. There is an opportunity to either prevent or reduce the impact on lodgepole pine from 
mountain pine beetle, dwarf mistletoe, and comandra blister rust that has a reasonable chance of 
success if action is taken soon. 


The Douglas-fir beetle epidemic situation appears more advanced than that of the mountain pine 
beetle, yet is still far short of the current spruce beetle episode. Mass attack in 2003 on nearly all 
trees in an area is a clear sign of a large, aggressive Douglas-fir beetle population. It may not be 
possible to prevent the Douglas-fir beetle epidemic from impacting most of the denser, larger- 
diameter, more pure stands and areas of Douglas-fir, however the risk to individual trees can be 
reduced. 


In areas where land management objectives are threatened by mortality of mature Douglas-fir, 
actions can be taken that protect individual trees, groups of trees or stands. It is likely, for example, 
that isolated Douglas-firs across the assessment area will not be located and killed by Douglas-fir 
beetle. Reducing the Douglas-fir beetle population via sanitation will assist in this. Thinning will 
reduce the food base and blunt subsequent population increase. Where wood products are the 
management objective, presalvage can capture the full value and use of Douglas-fir before the 
beetles and associated fungi degrade the wood. In addition, silvicultural treatment would | help 
mitigate future mortality from DFB by altering the conditions that facilitate tree killing by the beetles. 


If done on a sufficient scale over enough time, silvicultural practices that create a mosaic of forest 
age class and a mixture of species should reduce the size of the next beetle epidemic. This is true 
for all three beetle species discussed. 


White pine blister rust, an exotic fungus-caused disease, presents a special, long-term challenge to 
the presence and distribution of whitebark and limber pines due to the mortality it causes. Because 
it is an exotic organism, host trees have had little time to develop or express any natural resistance 
in their populations. Furthermore, the tools available to combat this disease are few and mostly 
untested. Training staff to recognize this.disease, to detect potentially resistant individuals, and 
then to protect them will be increasingly important. 
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PEST MANAGEMENT STRATEGIES 


Available pest management strategies for dealing with the mountain pine and Douglas-fir beetles 
will need to focus on prevention (the reduction of susceptible hosts and new beetle attacks), and 
Suppression (direct action that kills beetles). Methods available under each strategy are presented 
and briefly discussed. Not all methods are appropriate or effective in every circumstance. The 
decision to employ a particular strategy or combination of strategies should be predicated upon 
consideration of management objectives, stand conditions and location, economics, social and 
aesthetic values, and other factors. Where mountain pine and Douglas-fir beetles are considered 
pests and where action is warranted, the following strategies are available: 


Strategy 1: Reduction of susceptible hosts 


This is the only long-term strategy that addresses the fundamental cause of MPB and DFB 
epidemics, which is susceptible trees and stands. 


Silvicultural treatment should be part of any ongoing vegetation management program to help 
increase the health of stands by decreasing their vulnerability to forest insects and tree diseases, 
not just to bark beetle attack. Factors that weaken tree defense, such as comandra blister rust or 
root disease, can predispose an area to bark beetle epidemics. Silvicultural treatment to reduce 
susceptibility to and mitigate potential mortality from mountain pine and Douglas-fir beetles can be 
used in stands either before or during beetle attack, although concurrent sanitation (see below) may 
be needed when treating during an epidemic. It is preferable, though not always possible, to 
undertake silvicultural treatments during periods of low beetle densities and lesser tree stress such 
as non-drought years. 


Douglas-fir beetle 
To reduce the susceptibility of stands to Douglas-fir beetle, basal area should be brought below 


80% of normal stocking (Furniss et al. 1981). Harvesting in old, mature stands and thinning in very 
dense younger stands should significantly lower individual stand susceptibility to subsequent 
Douglas-fir beetle attack. 


Trees become susceptible to the Douglas-fir beetle wnen the combination of stand density and tree 
size begins to exceed the carrying capacity of the site for water and nutrients (Shore et al. 1999). 
The proportion of Douglas-fir in a stand and its density are important regulators of susceptibility 
(Furniss et al. 1981; Negron 1998; Negron et al. 1999). In unmanaged stands, beetles attack older, 
larger trees in denser groups (Furniss et al. 1981). Silvicultural treatments that alter these stand 
conditions will reduce a stand’s susceptibility and subsequent mortality (Schmid and Amman 1992; 
Schmitz and Gibson 1996). Thinning has been suggested as a means to manage forest stands to 
reduce losses to Douglas-fir beetle in the Pacific Northwest (Williamson and Price 1971). 
Furthermore, the proportion of susceptible stands across a large area should affect the potential 
size and intensity of Douglas-fir beetle epidemic by impacting beetle population mortality during 
dispersal and attack. 


The resistance of live trees to bark beetle attack is the most important natural factor controlling 
epidemic development (Schmitz and Gibson 1996). In addition to silvicultural treatments to reduce 
tree and stand susceptibility, prompt treatment of large numbers of trees that lose their resistance to 
attack is important in preventing epidemic induction. Any method that renders the trees unsuitable 
to infestation or that kills beetles once they are within these trees will be effective (see methods in 
Strategy 2). The Douglas-fir beetle most successfully breeds in trees injured by wind, disease, 
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defoliation, fire or other agents. This increased reproduction allows populations to increase to such 
large levels that they then can overwhelm and kill otherwise healthy trees, signifying the onset of an 
epidemic. The best “control” of a Douglas-fir beetle epidemic involves long term, pro-active 
management to prevent its occurrence (Schmitz and Gibson 1996). 


Mountain pine beetle in lodgepole pine 

Actions that promote tree vigor and wide spacing are the primary means to reduce or prevent the 
impact of MPB epidemics (Amman et al. 1989). The most recommended long-term tactic to 
minimize losses to MPB is to partially cut susceptible stands or to harvest and subsequently replace 
susceptible stands. Removal of individual pines of low vigor and poor health, such as those 
afflicted by disease, will lessen the chance of a MPB outbreak. 


Lodgepole pine stands at high risk to MPB are those at lower elevation-latitudes where average 
tree diameter exceeds 8 inches and average tree age exceeds 80 years (Amman et al. 1977). 
Partial cutting that reduces stands to 60 - 80 square feet of basal area or less and average tree 
diameter to below 8 inches reduces stand susceptibility to MPB. Of many examples, Amman et al. 
(1988) present results from the Shoshone National Forest showing good results in reducing 
infestation levels for at least five years from partial cutting. When partially cutting susceptible 
stands, care must be taken to avoid leaving dense pockets of mature pines, because these areas 
can serve as foci for MPB attack (McGregor et. al. 1987). 


The risk of windfall must also be considered when partially cutting lodgepole pine stands. Soil 
depth and stand density contribute to wind firmness as does stand exposure. Alexander (1972) 
describes windfall risk based on exposure as follows: 


Low Windfall Risk Situations 


1. Valley bottoms except where parallel to prevailing winds and all flat areas. 

2. All lower and gentle middle north and east facing slopes. 

3. All lower gentle middle south and west facing slopes that are protected by considerably 
higher ground not far to windward. 


Moderate Windfall Risk Situations 


1. Valley bottoms parallel to the direction of prevailing winds. 

2. All lower and gentle middle south and west facing slopes not protected to the windward 
direction. 

3. Moderate to steep middle and all upper north and east facing slopes. 

4. Moderate to steep middle south and west facing slopes protected by considerable higher 
ground not far to windward. 


High Windfall Risk Situations 
1. Ridgetops. 
2. Moderate to steep middle south and west facing slopes not protected to the windward, 


and all upper south and west facing slopes. 
3. Saddles on ridgetops. 


Windfall risk is increased in the above situations by poor drainage, shallow soil and defective roots 
and boles 
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Acceptable partial cutting methods recommended to reduce a stand’s risk to MPB include 
commercial thinning, shelterwood cutting, and overstory removal. Seed tree cuts are risky for 
lodgepole pine due to the likelihood of windfall. In stands that are lightly infested with MPB, all trees 
that are attacked may be removed along with the most susceptible trees without exceeding 
standard basal area prescriptions. Heavily infested stands can be addressed with greater partial 
cuts, but are generally not advised in lodgepole pine stands because of windthrow problems. 


Clearcutting is also a useful tool to create conditions favorable to regenerating lodgepole pine and 
converting mature stands to younger stands. Block or patch cutting within extensive areas of pure 
even-aged stands of lodgepole pine can reduce the potential for MPB epidemics by reducing the 
area likely to be infested at one time. In addition, clearcutting is generally preferable to partial 
cutting in lodgepole stands that are understocked or heavily infested by dwarf mistletoe (Alexander 
1974). Partial cutting is not recommended where the stand dwarf mistletoe rating (DMR) is above 3 
(Hawksworth and Johnson 1989). Size and layout of cutting units in dwarf mistletoe-infected stands 
is important and discussed in Hawksworth and Johnson (1989). 


Mountain pine beetle in white pines 
Lowering stand susceptibility to MPB through reductions in stand density and average tree 


diameter, as stated above from lodgepole pine, are applicable to white pines. 


In contrast to the situation with lodgepole pine, little quantitative information has been documented 
about the tree and stand susceptibility of whitebark and limber pines to mountain pine beetle attack. 
Perkins and Roberts (2001) performed a retrospective study on a mountain pine beetle epidemic in 
whitebark pine in central Idaho that yielded models for the probability of attack on trees and on 
stand susceptibility. Their tree-level model can be used to estimate anticipated cumulative 
mortality, given an MPB epidemic. Although from higher elevations, their study presents results 
that are more specific than, yet consistent with general field observations in the Carter Mountain 
assessment area and elsewhere. The following is based largely on Perkins and Roberts (2001). 


Whitebark and limber pine stands become susceptible at lower basal areas than lodgepole pine. 
Stands carrying in excess of 44 ft?/acre of basal area or having a stand density index (SDI) 
exceeding 100 are most susceptible. While attacks on individual trees may occur at lower density, 
significant mortality can be expected when susceptible stands become attacked. 


Characteristics of individual MPB-attacked trees show that diameter is positively correlated with 
probability of MPB attack. Diameters in excess of about 6 inches have a sharply higher probability 
of attack as diameter increases. The number of stems in a cluster is also positively correlated with 
increased attack probability. 


Silvicultural treatments to white bark and limber pine that lower stand density, average tree 
diameter, and the number of trees per cluster will reduce susceptibility to and mortality from 
mountain pine beetle. 


Strategy 2: Directly killing beetles 
There is a variety of methods available to kill mountain pine and Douglas-fir beetles. Killing beetles 
directly addresses the symptom of the problem, which is too many beetles in one place at one time, 


and does not address the cause of the problem, which is susceptible tree or stand conditions. 
Direct control attempts are a short-term approach to beetle mitigation, unlike silvicultural treatments. 
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Sanitation harvesting involves removing currently infested trees from the site. Removal of beetle- 
infested trees can reduce the size of a localized beetle population. To be effective, sanitation 
harvesting should be completed before the beetles start to emerge in May (DFB) or July (MPB) of each 
year. Treatment may need to be repeated over several years, as some trees are always missed and 
immigration from untreated areas is possible. In addition to sanitation, in stands where mortality is 
already significant, salvaging dead trees to create desired reforestation conditions or to capture some 
economic value in the near future is often appropriate. However, salvage harvesting does not reduce 
beetle populations. 


Currently infested trees can be located and treated mechanically to kill beetles developing within 
them prior to brood maturation and emergence. This is similar to sanitation, but employed on a 
smaller scale. A variety of methods can be used for mechanical treatment, including peeling bark, 
chipping, burning, solarizing, burying, or hauling infested trees at least one mile from the nearest 
host type. 


Prescribed fire has been used as a short term mountain pine beetle control in some wilderness 
areas and Provincial Parks of Canada with mixed results. Success has depended upon a 
sufficiently intense crown fire so that the stems of infested trees are blackened. Attempts from 
1995 — 1997 in Tweedsmuir Park resulted in one successful burn where mountain pine beetle 
populations were reduced by 50%. This information is available on the Internet at 

http://www. pfc.cfs.nrcan.gc.ca/entomology/mpb/management/fire/short_e.html. 


Douglas-fir beetles are strongly attracted to down trees such as those blown over by wind. Trap 
trees take advantage of this attraction by deliberately luring beetles that are then killed. To be 
effective, trap trees must be relatively fresh. If the trap trees become infested, they must be treated 
before the brood matures. A variation of this method involves applying insecticide to the trap tree 
before it is attacked, which will kill incoming beetles before they can infest the trap tree. 


Strategy 3: Prevention of new beetle attacks 


Douglas-fir beetle has a well-studied complex of pheromones, airborne behavior-modifying 
message-bearing chemicals. Anti-aggregation pheromones, such as MCH (3-methylcyclohex-2-en- 
1-one), serve to regulate the density of beetle attacks by disrupting the aggregation behavior of 
beetles (Schmitz and Gibson 1996). MCH has been used experimentally and operationally to 
reduce the level of attack in high-risk areas (Ross and Daterman, 1994, 1995; Ross et al. 2001). It 
has been used successfully to protect areas from less than an acre to 300 acres (see Schaupp et 
al. 2003 for a local example). 


Several insecticides are registered for use that can prevent infestation when applied properly prior 
to mountain pine or Douglas-fir beetle attack. For large trees, specialized application equipment is 
needed. Lack of operational experience and the demonstrated success of MCH make this tactic 
most appropriate for use on lethal trap trees for Douglas-fir beetle. Years of operational success 
and inconsistent results with the anti-aggregation pheromone(s) for mountain pine beetle mean that 
preventive insecticide is the preferred method for this beetle species. 


It is possible that pruning off the lower branches of white pines will reduce their susceptibility to 
MPB attack by providing a less favorable microhabitat. This action will also lower the shade and 
moisture available to Ribes spp. plants, the alternate hosts for white pine blister rust, frequently 
found growing at the base of white pines. This will create less favorable conditions for fungal 
intensification on Ribes spp. and infection of pines (Arno and Hoff 1990). Basal pruning would be 
most appropriate on individual white bark pine of high value, due to the expense. 
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RECOMMENDATIONS 


1. Develop a long-term strategy to deal with impacts of the bark beetle epidemics and white 
pine blister rust. 


It is appropriate to look at larger, landscape-level projects for the future. Management area 
emphases and other land management goals may be affected in ways unanticipated before these 
bark beetle epidemics became so intense and widespread. Estimates of mortality and infestation 
probability can be determined on a stand-by-stand basis and compared with the stated objectives to 
provide impact predictions, regardless of which strategy or strategies are taken. Having a sound 

UE sical plan for large areas will only help to provide for the future forest and the needs of the 
people. 


The presence and expected increase in the impact from white pine blister rust is of concern. 
Throughout the Rocky Mountain and intermountain west, the decline of white pines is receiving 
attention. White pine blister rust is thought to be a major factor in this decline. Training field staff to 
recognize white pine blister rust and to identify trees showing resistance to it will help protect white 
bark and limber pines. The use of prescribed fire in white pine stands will create openings for 
natural regeneration and reduce stand densities, lowering between tree competition and 
susceptibility to mountain pine beetle attack. Prescribed fire may create conditions less favorable to 
Ribes spp. The expected response of Ribes spp. to fire needs to be taken into consideration, as it 
is an essential link in the life cycle of white pine blister rust. Efforts to reduce Ribes spp. near white 
pines may be effective in mitigating white pine blister rust impacts, but only if this is thorough. 


2. Use aggressive silvicultural treatments in the short-term. 


In the immediate future, aggressive use of silvicultural options such as partial cutting or thinning 
uninfested stands and sanitation in infested stands in the assessment area should be done to the 
extent possible. These treatments should be undertaken as soon as possible in order to protect the 
remaining forest cover from additional tree-killing bark beetle epidemics, currently on the rise. This 
is especially important where white pine stands, currently infested by mountain pine beetle, are 
adjacent to susceptible lodgepole pine stands and where heavily infested Douglas-fir stands are 
near mixed stands where relatively isolated Douglas-fir are expected to contribute seed to the future 
forest.. 


Additional, more specific recommendations are as follows: 

e Reduce the susceptibility of lodgepole pine stands and sanitize trees currently infested by 
mountain pine beetle and infected by comandra blister rust and dwarf mistletoe. 

e Reduce the susceptibility of white pine stands and sanitize trees currently infested by 
mountain pine beetle. 

e Inthe absence of stand-level treatments, undertake direct control methods in white pines to 
reduce the local mountain pine beetle population. 

e Implement treatments to start new age classes in pines and Douglas-fir, both diversifying 
the forest and conserving genetic resources of threatened host trees, especially where 
dwarf mistletoe heavily infects pines. 

e If white pine losses threaten wildlife, watershed or other resource management objectives, 
consider measures such as the following: preventive insecticide spraying and/or pruning the 
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branches from the base of white pines to mitigate against mountain pine beetle; grubbing 
out or herbiciding the Ribes spp. to mitigate against white pine blister rust; prescribed fire to 
create openings, stimulate regeneration and reduce inter-tree competition and bark beetle 
susceptibility; and collecting white pine seed to preserve locally-adapted genetic resources 
should replanting become necessary. 


3. Provide interpretation to the public and information to prevent moving infested firewood. 


The impact of spruce beetle is obvious and dramatic to anyone who visits Carter Mountain. This 
presents an excellent interpretive opportunity to explain what is happening and to describe the 
ecological role of tree-killing bark beetles. 


Given the extensive beetle-caused tree mortality and the long-standing use of Carter Mountain for 
firewood cutting, the potential exists for unintended movement of bark beetle-infested trees. It is 
recommended that information be distributed with firewood permits and perhaps posted on Carter 
Mountain to inform the public of this possibility and to prevent its occurrence. 
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